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Abstract
Purpose To compare the frequency and the spectrum of kar-
yotype abnormality in the first trimester miscarriages in wom-
en aged under and over 35 years, who conceived naturally
(NC) and who conceived through in vitro fertilization (IVF).
Methods Comparative analysis of cytogenetic data obtained
by karyotyping of miscarriages in patients who conceived
naturally, and who conceived through IVF. Patients were

Results A total of 499 miscarriage karyotypes was analyzed.
The spectrum and the relative proportions of different

cytogenetic categories in karyotypically abnormal miscar-
riages differed neither between the NC and IVF patients aged
<35 years, nor between the NC and IVF patients aged
≥35 years. In the patients aged <35 years, the incidence of
abnormal miscarriage karyotype was lower in the IVF group
(37.04 % vs 62.43 %). In the patients aged ≥35 years, the
incidence of miscarriages with cytogenetic pathology did not
differ between the NC and the IVF group (75.70 % vs
58.56 %). The lowest frequency of karyotypically abnormal
miscarriages (29.82 %) was detected in the young IVF-treated
patients at <7 weeks of gestation.
Conclusions IVF does not increase the risk of a pregnancy
loss because of abnormal embryonic karyotype, nor does it
increase the preponderance for any specific type of cytoge-
netic abnormality in both patients aged under and over
35 years. In young IVF-treated women early pregnancy loss
is generally caused by non-cytogenetic factors. Identification
of a cytogenetically normal spontaneous abortion is clinically
significant and reinforces the importance of developing an
appropriate diagnosis and treatment strategies for IVF patients
in order to reduce the risk of euploid pregnancy loss.
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Introduction

Up to 15 % of all recognized pregnancies end in spontaneous
abortions, making miscarriage a significant problem in obstet-
rics and gynecology [1]. It affects both naturally conceived
pregnancies and pregnancies conceived through assisted

Capsule IVF does not increase the risk of a pregnancy loss because of
abnormal embryonic karyotype, nor does it increase the preponderance
for any specific type of cytogenetic abnormality. The incidence of
abnormal miscarriage karyotype is low in young IVF-treated women.
Appropriate diagnosis and treatment of patients prior to IVF cycle are
important to reduce the risk of euploid pregnancy loss.
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subcategorized by their age: <35 years (NC, n =173; IVF, n
=108) and ≥35 years (NC, n =107; IVF, n =111).



reproduction technology (ART). Numerous reasons for preg-
nancy loss are discussed. These include infections and immu-
nological pathologies, endocrinological, epigenetic and genet-
ic changes [2–5]. Cytogenetic abnormalities are a significant
factor in pregnancy wastage. Numerical and structural chro-
mosomal aberrations are detected in up to 70 % of miscar-
riages [5–8]. Maternal age has a significant impact on the
embryonic aneuploidy rate, which is especially pronounced
in women older than 35 years [9–12]. Whether the way of
conception—natural or ART—affects the rate of abnormal
embryonic karyotype is still discussed [13–16].

In the present study, we address the question whether a
conception through standard in vitro fertilization (IVF) affects
the rate and the spectrum of miscarriage karyotype abnormal-
ity in women aged < and ≥35 years. A detailed comparison of
miscarriage karyotype between IVF-treated women and those
who conceived naturally at a different age could provide a
valuable information for further improvement of treatment
strategies and pregnancy monitoring, which has particular
importance for IVF patients.

Materials and methods

Studied groups

Study was performed on two groups of patients with pregnan-
cy loss at 4–12weeks of gestation (w.g.): those who conceived
naturally (NC group, n =280) and those who conceived
through standard IVF (IVF group, n =219). Patients who
conceived through intrauterine and intracervical insemination
or through intracytoplasmic sperm injection with partner or
donor semen were not enrolled in the study. The patients’ age
in the studied groups ranged from 22 to 45 years.

The diagnosis of missed abortion was based on standard
ultrasound between 4 and 12 w.g. Both NC and IVF patients
had the initial ultrasound at 4–5 w.g. to visualize the gesta-
tional sac and exclude ectopic implantation and/or at 5–6 w.g.
to visualize the cardiac activity of the embryo. The first
trimester ultrasound was performed at 11–14 w.g.. In the
period between the initial and the first trimester ultrasound,
an additional US-examination was performed in the event of
the patient’s complaints of abdominal pain and/or vaginal
bleeding. In our practice, all the patients diagnosed with
missed abortion were offered dilation and curettage (D&C)
with karyotyping of the chorionic villi obtained. D&Cs were
performed within 48 h after the diagnosis of missed abortion.

To evaluate the impact of age on the rate and the spec-
trum of miscarriage karyotype abnormality, patients in both
groups were subcategorized by their age: <35 years (NC
group, n =173; IVF group, n =108) and ≥35 years (NC
group, n =107; IVF group, n =111). The date of the last
menstrual period and US measurements were used for the

calculation of the gestational age. All the patients’ data
were collected from medical case records.

Specimen preparation and karyotyping

Products of conception (POCs) were obtained by curettage of
uterine cavity in different clinics of St. Petersburg in the period
between February 2007 and May 2013. The POCs were
placed in 0.9 % NaCl and sent for karyotyping to the Labora-
tory for Prenatal Diagnosis of Human Inborn and Inherited
Diseases of D.O. Ott Research Institute of Obstetrics and
Gynecology. Chorionic villi were selected and released from
the maternal decidua and blood clots under the Leica M125
stereomicroscope.

Metaphase chromosomes were prepared from the chorionic
villi samples by the direct technique [17] with modifications ,
which allows rapid analysis and eliminates the risk of con-
tamination with maternal cells. The chorionic villi were divid-
ed into small pieces and placed into vials (5–10mg per vial) in
5 ml of hypotonic solution (0.9% sodium citrate) supplement-
ed with colchicines at the final concentration 2.5 μg/ml. After
60–80 min of incubation at room temperature, 2.5 ml of
hypotonic solution was replaced with 2.5 ml of freshly pre-
pared fixative (ethanol : glacial acetic acid, 3:1). After 25–
35 min of incubation at room temperature, all the solution in
vials was replaced with cold fixative (ethanol : glacial acetic
acid, 3:1). The chorionic villi were fixed at 4 °C for at least
90 min. Then approximately 2.5 ml of room-temperature
distilled water was added into the vials. 2–5 min later, the
chorionic villi were extracted from the vials and dried on filter
paper. They were put on prewarmed slides into drops of
freshly prepared 60 % acetic acid and macerated for 30–
90 s. Saturation of acetic acid with cells was controlled under
the Leica M125 stereomicroscope. Then the chorionic villi
were discarded from the slides with forceps. Drops of 60 %
acetic acid saturated with cells from chorionic villi were
spread on the slides, fixed with 2–3 drops of freshly prepared
fixative (ethanol : glacial acetic acid, 3:1) and air-dried for at
least 12 h.

The rate and the spectrum of miscarriage karyotype abnor-
mality were determined by chorionic villi karyotyping, per-
formed on QFH/AcD-stained metaphases. From 5 to 11 meta-
phases per person were analyzed at a 400-band level.

Statistical analysis

Statistical analysis was performed using STATISTICA 8 and
GraphPad InStat Demo. Categorical variables (the number of
karyotypically abnormal miscarriages in the studied groups, the
number of miscarriages with a certain cytogenetic abnormality)
were compared using the chi-square test; the null hypothesis
was rejected if p <0.001. Inter-group comparison of the pa-
tients’ age was carried out using the Mann–Whitney test.
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IRB approval and ethical issue

The study was approved by the Institutional Review Board of
D.O. Ott Research Institute of Obstetrics and Gynecology. All
the personal data, including medical history data, was proc-
essed with the written informed consent of the patients. The
study was performed in accordance with the Declaration of
Helsinki.

Results

The available data included the analysis of 499 miscar-
riages among patients aged < and ≥35 years, those who
conceived through IVF and those with a spontaneous con-
ception. We checked for age-matching subgroups of pa-
tients aged <35 and ≥35 years from the NC and the IVF
group. The Mann–Whitney test did not show any statisti-
cally significant difference, either between the subgroups of
patients aged <35 years (p =0.09), or between the sub-
groups of patients aged ≥35 years (p =0.46).

When comparing the incidence of miscarriage karyotype
abnormality between the patients aged <35 years, we revealed
that 108 of 173 pregnancy losses (62.43 %) in the NC group
had an abnormality compared with 40 of 108 pregnancy
losses (37.04 %) in the IVF group (Fig. 1). The incidence of
abnormal karyotype was significantly lower in the IVF group
(p <0.001). In contrast, among the patients aged ≥35 years, an
abnormal embryonic karyotype was registered in 81 of 107
pregnancy losses (75.70 %) in the NC group and in 65 of 111
pregnancy losses (58.56%) in the IVF group (Fig. 1). The chi-
square test did not show statistically significant difference
between these rates. Thus, a lower incidence of abnormal
miscarriage karyotype was detected in IVF patients aged

<35 years in contrast to their counterparts who conceived
naturally and patients aged ≥35 years.

To evaluate the impact of gestational age on the rate of
embryonic karyotype abnormality, we calculated frequen-
cies of miscarriages with abnormal karyotype at <7 and 7–
12 w.g. (Fig. 2). At <7 w.g. in the <35 years subgroups, 59
of 96 miscarriages (61.46 %) in the NC group and 17 of 57
miscarriages (29.82 %) in the IVF group had cytogenetic
abnormalities, while in the ≥35 years subgroups, 39 of 53
miscarriages (73.58 %) in the NC group and 39 of 62
miscarriages (62.9 %) in the IVF group were cytogeneti-
cally abnormal. At 7–12 w.g. in the <35 years subgroups,
49 of 77 miscarriages (63.64 %) in the NC group and 23 of
51 miscarriages (45.1 %) in the IVF group had karyotype
abnormalities; in the ≥35 years subgroups cytogenetic abnor-
malities were detected in 42 of 54 miscarriages (77.78 %) in
the NC group and in 26 of 49 miscarriages (53.06 %) in the
IVF group (Fig. 2). Difference in the frequency of abnormal
miscarriage karyotype between the NC and the IVF groups
achieved statistical significance only for the patients aged
<35 years at <7 w.g. (p <0.001). Thus, in young IVF-treated
women the incidence of abnormal miscarriage karyotype at
<7 w.g. was lower than in their NC counterparts.

Then we analyzed the spectrum and the frequency of
miscarriage karyotype abnormalities in the age subgroups
(Fig. 3). The cytogenetic analysis results are summarized in
the Table 1. The most prevalent abnormalities were triso-
mies: 57 out of 108 (52.78 %) in the NC and 24 out of 40
(60 %) in the IVF patients aged <35 years; 62 out of 81
(76.54 %) in the NC and 54 out of 65 (83.08 %) in the IVF
patients aged ≥35 years. Monosomies were detected in 10
out of 108 miscarriages (9.26 %) in the NC and in 5 out of
40miscarriages (12.5%) in the IVF patients aged <35 years;
in 2 out of 81 miscarriages (2.47 %) in the NC and in 2 out
of 65 miscarriages (3.08 %) in the IVF patients aged
≥35 years. Other karyotype abnormalities, including multi-
ple trisomies, tetraploidy, structural chromosomal rear-
rangements and combined pathology (structural + numeri-
cal abnormalities) were registered in the NC and the IVF
age subgroups with low frequencies. When comparing fre-
quencies of all detected cytogenetic abnormalities between
the NC and the IVF age subgroups, a statistically significant
difference was not registered. Triploidy was more typical
for the NC age subgroups: 21 out of 108 (19.44 %) and 6
out of 81 (7.41 %) compared to 2 out of 40 (5 %) and 0 out
of 65 (0 %) in the IVF patients aged <35 years and
≥35 years, respectively. However, difference in the triploi-
dy rate between the NC and the IVF age subgroups did not
achieve statistical significance. Thus, the spectrum and the
relative proportions of miscarriage karyotype pathology
differed neither between the NC and the IVF patients aged
<35 years, nor between the NC and the IVF patients aged
≥35 years.

Fig. 1 The incidence of abnormal karyotype in miscarriages of patients
aged < and ≥35 years who conceived naturally (NC) and who conceived
through in vitro fertilization (IVF). *The incidence of cytogenetically
abnormal miscarriages is significantly lower in IVF patients aged
<35 years than in their NC counterparts (p <0.001)
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Discussion

Pregnancy loss is the most common complication of human
reproduction, with ~15% of recognized pregnancies resulting in
spontaneous abortion [1]. Themajority of pregnancy failures are
associated with cytogenetic abnormalities, with over 50 % of
early miscarriages exhibiting abnormal karyotypes [18]. Karyo-
type abnormality in pregnancy losses arises from errors in
gametogenesis, fertilization and cleavage divisions. The
risk of trisomy resulting from nondisjunctional events rises

dramatically for women aged ≥35 years [19]. Thus, it could
be expected that ART, including IVF, has an effect on the
spectrum and the overall rate of miscarriage karyotype
abnormality, especially in women older than 35 years.

In this study we have not found any difference in the
spectrum of miscarriage karyotype abnormality between
women who conceived through IVF and those who conceived
naturally. In both IVF and NC groups the spectrum included
nondisjunctional events: monosomies, trisomies, and multiple
trisomies; errors in fertilization: triploidy; errors in the first

Fig. 2 The incidence of
abnormal karyotype in
miscarriages at <7 and 7–
12 weeks of gestation in the age
subgroups of patients who
conceived naturally (NC), and
who conceived through in vitro
fertilization (IVF). *The
incidence of cytogenetically
abnormal miscarriages at <7 w.g.
is significantly lower in IVF-
treated women aged <35 years
than in their NC counterparts (p <
0.001)

Fig. 3 The relative proportions
of different cytogenetic categories
in karyotypically abnormal
miscarriages of patients aged <
and ≥35 years who conceived
naturally (NC) and who
conceived through in vitro
fertilization (IVF)
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mitotic cleavage division: tetraploidy; structural rearrange-
ments and combined pathology (structural + numerical

abnormalities). The relative proportions of different cytoge-
netic abnormality types did not differ statistically between the

Table 1 Cytogenetic data of miscarriages in patients aged < or ≥35 years who conceived naturally (NC) and who conceived through IVF

Miscarriage karyotype <35 years ≥35 years

Number of cases
(frequency, %)

Number of cases
(frequency, %)

Group Group

NC IVF NC IVF

Normal 46,XX 27 (15.61 %) 39 (36.11 %) 16 (14.95 %) 24 (21.62 %)

46,XY 38 (21.96 %) 29 (26.85 %) 10 (9.35 %) 22 (19.82 %)

Abnormal 108 (62.43 %) 40 (37.04 %) 81 (75.70 %) 65 (58.56 %)

Trisomies Trisomy 1 – – – –

Trisomy 2 2 (1.16 %) – 1 (0.93 %) 3 (2.71 %)

Trisomy 3 2 (1.16 %) – 1 (0.93 %) –

Trisomy 4 3 (1.73 %) – 1 (0.93 %) –

Trisomy 5 – 1 (0.93 %) – –

Trisomy 6 1 (0.58 %) 1 (0.93 %) – 2 (1.80 %)

Trisomy 7 3 (1.73 %) 1 (0.93 %) 1 (0.93 %) 1 (0.90 %)

Trisomy 8 2 (1.16 %) – 2 (1.87 %) 2 (1.80 %)

Trisomy 9 1 (0.58 %) 1 (0.93 %) 2 (1.87 %) –

Trisomy 10 1 (0.58 %) 1 (0.93 %) 2 (1.87 %) 1 (0.90 %)

Trisomy 11 1 (0.58 %) 1 (0.93 %) – –

Trisomy 12 – 1 (0.93 %) 4 (3.74 %) 2 (1.80 %)

Trisomy 13 4 (2.31 %) 3 (2.77 %) 4 (3.74 %) 2 (1.80 %)

Trisomy 14 2 (1.16 %) – 1 (0.93 %) 1 (0.90 %)

Trisomy 15 3 (1.73 %) 2 (1.85 %) 8 (7.48 %) 10 (9.01 %)

Trisomy 16 21 (12.13 %) 7 (6.48 %) 15 (14.02 %) 12 (10.81 %)

Trisomy 17 – – – 1 (0.90 %)

Trisomy 18 2 (1.16 %) – 1 (0.93 %) 3 (2.71 %)

Trisomy 19 – – – –

Trisomy 20 2 (1.16 %) – 1 (0.93 %) 2 (1.80 %)

Trisomy 21 4 (2.31 %) 1 (0.93 %) 5 (4.68 %) 2 (1.80 %)

Trisomy 22 2 (1.16 %) 3 (2.77 %) 13 (12.15 %) 9 (8.11 %)

XXY 1 (0.58 %) 1 (0.93 %) – 1 (0.90 %)

Multiple trisomies 3 (1.73 %) 3 (2.77 %) 5 (4.68 %) 4 (3.61 %)

Monosomies Monosomy X 9 (5.19 %) 4 (3.70 %) 2 (1.87 %) 1 (0.90 %)

Monosomy 21 1 (0.58 %) 1 (0.93 %) – 1 (0.90 %)

Polyploidies Triploidy 21 (12.13 %) 2 (1.85 %) 6 (5.62 %) –

Hypertriploidy 4 (2.31 %) – – –

Tetraploidy 2 (1.16 %) 3 (2.77 %) 4 (3.74 %) 2 (1.80 %)

Hypertetraploidy 2 (1.16 %) – – 1 (0.90 %)

Polyploidy + aneuploidy 1 (0.58 %) – – –

Combined karyotype
abnormalities

Monosomies combined with trisomies – – – 1 (0.90 %)

Сhromosomal rearrangements
combined with genomic mutations

1 (0.58 %) 1 (0.93 %) 1 (0.93 %) 1 (0.90 %)

Structural Chromosomal rearrangements 5 (2.89 %) 2 (1.85 %) 1 (0.93 %) –

Marker chromosomes 2 (1.16 %) – – –

Total 173 108 107 111
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NC and the IVF patients. However, a notable observation was
a low incidence or absence of triploid miscarriages in the IVF
patients, which can be due to the artificial negative selection of
the triploid zygotes at the pronuclear stage in IVF clinics. We
observed a dramatic increase in the rate of trisomy with
maternal age in both IVF and NC groups: from 55.56 % in
the NC patients aged <35 years to 82.71 % in those aged
≥35 years, and from 67.5% in the IVF patients aged <35 years
to 89.23 % in those aged ≥35 years. Our data show that the
distribution and the relative proportions of types of abnormal-
ities among the aberrant miscarriage karyotypes are similar in
IVF and NC patients.

A possible risk of increase in the overall incidence of abnor-
mal embryonic karyotype after IVF is discussed. Bettio and
colleagues have reported that 54.5% and 71.5%ofmiscarriages
are cytogenetically abnormal after IVF and natural conceptions,
respectively, with no statistically significant difference [13].
Martínez and colleagues have shown that the incidence of
cytogenetic abnormality in miscarriages amounts to 47.82 %
after IVF and to 55.14 % after natural conceptions, also with no
statistically significant difference [20]. Our karyotyping results
of miscarriages in patients aged ≥35 years from the IVF
(58.56 %) and the NC group (75.70 %) are in conformity with
this data. In the young IVF-treated women we detected a sig-
nificantly lower rate of abnormal miscarriage karyotype
(37.04 %), compared with those who conceived naturally
(62.43%). A remarkably low incidence of abnormalmiscarriage
karyotype in young IVF patients at <7w.g. is likely to contribute
essentially to an overall decrease of abnormal embryonic kar-
yotype incidence. This is an unexpected finding because, gen-
erally, the earlier the developmental age, the greater the likeli-
hood of an abnormal karyotype in a spontaneous pregnancy
loss. Boué and colleagues found that 66 % of losses between 2
and 7 weeks and 23 % of those between 8 and 12 weeks had
abnormal karyotypes [21]. A low incidence of karyotypically
abnormal pregnancy losses in IVF patients, detected in our
study, could be induced by several factors. On the one hand,
supporting hormonal therapy of ART patients may delay spon-
taneous abortion of an embryo with abnormal karyotype to a
later gestational age. On the other hand, there is a number of
reasons underlying early euploid pregnancy loss. Sporadic mis-
carriages may be provoked by immunological abnormalities due
to qualitative and quantitative changes of decidual and uterine
natural killer cells, immunological incompatibility between
mother and fetus [4, 22–24]. Numerous endocrinological and
endometrial factors are known to trigger pregnancy loss [25,
26]. Pathomorphological changes including chronic inflamma-
tion have been shown to be a common cause of abortions with
normal karyotype [2]. The impact of thrombophilia,
antiphospholipid syndrome, and thyroid autoimmunity on spo-
radic fetal loss have been also demonstrated [27]. All the men-
tioned conditions can cause implantation failure and infertility,
thus becoming a reason for IVF treatment. In the case of an

underdiagnosis or insufficient treatment, the listed pathologies
negatively affect the pregnancy progress and increase the rate of
miscarriages with normal karyotype in IVF patients. Non-
cytogenetic reasons for pregnancy loss are likely to be more
pronounced in IVF patients aged <35 years, as in older women
most of miscarriages are caused by abnormal embryonic karyo-
type. Our data is in line with a recent study showing the increase
in karyotypically normal miscarriages in young overweight and
obese women, who conceived through IVF [28].

Along with the woman’s health, another important condi-
tion for normal prenatal development is a correct epigenetic
marking of the embryonic genome. After fertilization, a hu-
man embryo undergoes global changes of DNA methylation
patterns, necessary for the subsequent setting of tissue-specific
epigenetic marks [29–32]. Epimutations leading to inappro-
priate DNA methylation may contribute to the incidence of
early euploid pregnancy loss. This concept is supported by
recent studies demonstrating altered methylation patterns in a
number of genes in miscarriages [33, 34]. An increased risk of
epigenetic mistakes associated with ART has not been proved
yet [35, 36]; however, the outcome of many studies suggests
that it should be taken into account [3, 37, 38].

In conclusion, our data show that IVF does not increase the
rate of a pregnancy loss because of abnormal embryonic
karyotype, nor does it increase the preponderance for any
specific type of cytogenetic abnormality. Our results support
the safety of IVF as an effective treatment for infertility. A low
incidence of abnormal miscarriage karyotype in young IVF-
treated women, especially at the initial stages of pregnancy,
suggests that cytogenetic causes for early pregnancy loss play
a minor role in this group. Identification of a cytogenetically
normal spontaneous abortion may be more important clinical-
ly than identification of an aberrant gestation, because of an
increased risk of repeat miscarriage [18]. Our data reinforces
the importance of developing a rational approach for an ap-
propriate diagnosis and treatment of patients prior to IVF
cycle in order to reduce the risk of euploid pregnancy loss.
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